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[57] ABSTRACT 

A microcellular digital packet communication system is 
provided for digital communication having a plurality of 
repeating packet-mode fixed-site transceivers each being at 
a plurality of different sites and each being capable of 
communicating on mutually-common frequencies, includ- 
ing for example by means of frequency-hopping spread 
spectrum, wherein a terminal transceiver directly commu- 
nicates substantially simultaneously with at least a few of 
the fixed-site transceivers on the mutually-common frequen- 
cies and distributes information packets of a single origi- 
nating message among the fixed-site transceivers, the fixed- 
site transceivers forwarding' the information packets via 
multiple communication links to a single destination termi- 
nal on the mutually-common frequencies at which the 
message is reassembled. The system enables reliable hand- 
offs and robust connectivity by maintaining multiple simul- 
taneous communication links between terminal transceivers 
and repeating transceivers. 

17 Claims, 2 Drawing Sheets 




Switch Data 

Terminal 



09/03/2004, EAST Version: 1.4.1 



U.S. Patent 



Dec. 26, 1995 



Sheet 1 of 2 



5,479,400 




09/03/2004, EAST Version: 1.4.1 



U.S. Patent 



Dec. 26, 1995 



Sheet 2 of 2 



5,479,400 




Office Data 
Switch Terminal 



Fig. 2 



09/03/2004, EAST Version: 1.4.1 



5,479, 

1 

TRANSCEIVER SHARING BETWEEN 
ACCESS AND BACKHAUL IN A WIRELESS 
DIGITAL COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 5 

This invention relates to wireless digital communication 
systems, and in particular to microcellular packet commu- 
nication systems, and more particularly to microcellular 
personal communication systems employing packet com- 10 
munication protocols with a backhaul channel for commu- 
nication with a wire communication infrastructure. 

As personal wireless communication systems such as in 
cellular telephony proliferate, the spectrum available to the 
wireless user for accessing cell sites for interactive commu- 15 
nication becomes premium. There is great pressure to shrink 
the cell size of cellular telephone systems, for example, in 
order to promote frequency reuse and ultimately increase 
user density and capacity, as well as to reduce the required 
transmitter power for battery-operated portables. This is the 20 
trend toward so-called microcellular systems. 

A major drawback of conventional microcellular archi- 
tectures and systems is the cost of the infrastructure. As the 
number of required cell sites increases, there is a corre- 
sponding increase in the requirement for capital outlay for 25 
fixed cell site transmitters and receivers as well as increased 
maintenance overhead for the fixed cell sites. One of the 
major cost considerations in a communications architecture 
is the need to provide a backhaul channel. A backhaul 
channel is a communication link between the cell sites and 30 
the trunk resource or the switching fabric of the wire 
communication system. It has been assumed that the back- 
haul channel must be a wired connection between the cell 
site and the wired communication system, including the 
nearest central office of the public telephone systems. How- 35 
ever, the best cell sites are frequendy not convenient or even 
suited for wired channel connection into the wire commu- 
nication system. 

In the past the conventional wisdom has been to model 
and provide backhaul access and actual backhaul commu- 40 
nication of the same bandwidth capacity. One reason for this 
modeling scheme is that it was not known how best to model 
or control wireless central switching. 

Metricom, the assignee of the present invention, has 
developed a communication system which is used for 45 
access/backhaul, with wired access to thousands of 
remotely-located nodes and then a wireless infrastructure for 
relatively high-density communication by means of a purely 
wireless peer-to-peer packet communication-based network. 
This systems architecture is distinguishable as an inverse of 50 
a wireless microcellular architecture with a wired backhaul 
channel. What is needed is a communication system which 
has a backhaul channel provided without the difficulties and 
expense associated with providing a wired backhaul chan- 
nel. 55 

SUMMARY OF THE INVENTION 

According to the. invention, a microcellular digital packet 
communication system is provided for digital communica- 60 
tion having a plurality of repeating packet-mode fixed-site 
transceivers each being at a plurality of different sites and 
each being capable of communicating on mutually-common 
frequencies, including for example by means of frequency- 
hopping spread spectrum, wherein a terminal transceiver 65 
directly communicates substantially simultaneously with at 
least a few of the fixed-site transceivers on the mutually- 
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common frequencies and distributes information packets of 
a single originating message among the fixed-site transceiv- 
ers, the fixed-site transceivers forwarding the information 
packets via multiple communication links to a single desti- 
nation terminal on the mutually-common frequencies at 
which the message is reassembled. Control packets are used 
to verify the existence of links, and information packets are 
all routed via various paths to a single destination terminal 
on the mutually-common (inband) frequencies. The system 
enables reliable handoffs and robust connectivity by main- 
taining multiple simultaneous communication links between 
terminal transceivers and repeating transceivers. The system 
also works well with channel-hopping spread spectrum. 

This invention has the advantage of nuiiimizing the 
number and expense of transceivers (and antennas or wire) 
in a wired or wireless communication system by sharing 
resources for access and backhaul. The system is applicable 
to both data and voice communication. 

The invention will be better understood by reference to 
the following detailed description in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a microcellular system with 
a wireless inband backhaul channel (half duplex, single 
channel, single transceiver). 

FIG. 2 is a block diagram of a microcellular system with 
a wireless backhaul channel (full duplex, dual channel dual 
transceiver). 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Referring to FIG. 1, there is shown a microcellular 
wireless communication system 10 comprising user termi- 
nals in the form of mobile and portabl e packet termin al node 
controller-equipped transceivers 120, 121, 122, 124, 125, 
including typically a connection to a data terminal 123, 
which may communicate with each other or with conven- 
tional wired data terminals (and in some cases telephones), 
e.g., data terminal 151, connected to a central office switch 
160 over conventional wired telecommunication lines 162, 
164, 166. Trunk terminals or concentrators 170, 172 may 
provide the interface to the telephone lines 164, 166. 

In accordance with the invention, the microcellular wire- 
less system 10 employs a plurality of fixed site repeaters 
100, 101, 102, 103 to both capture the signals of the mobile 
and portable transceivers and to p rovide wireless backhau l 
channels to the central office switch iou. In tne embodiment 
of FIG. 1, the backhaul channel is on the same frequency 
channel as the frequency channel used for communication 
between the mobile and portable transceivers and the fixed 
site repeaters. Thus, no extra wiring is needed between the 
fixed site repeaters and wireless-to-wireline relays 140, 141, 
which are coupled to the concentrators 170, 172, 

An illustrative example is useful in understanding the 
invention. A mobile transceiver 124 (in a vehicle) originates 
a message comprising a sequence of message segments, 
such as a self-contained digitized message segment A in 
packet format (with address header, etc.) on a frequency Fl. 
Because it is in packet format, the message segment S is 
essentially self-contained and includes in its header infor- 
mation to address it to a local destination and an ultimate 
destination, namely, a number of fixed site repeaters 100, 
101, 102, and ultimately another terminal, such as mobile 
transceiver node 125. The message A is sent to one or more 
fixed site repeaters 100, 101, 102 known to the mobile 
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transceiver 124, either in a broadcast format (on the same 
frequency) or targeted in a sequence of directed acknowl- 
edgeable message segments (via a communication link 
maintained between the terminal 124 and each of the various 
repeaters 100, 101, 102, each having a different local 5 
address. Imbedded within the fixed site repeaters are con- 
trollers 181, 182, 183 for responding to, readdressing and 
distributing the packets containing message segment A 
received from the mobile transceiver 124. The message 
segment A is relayed according to the invention under 
supervision of the controllers 181, 182 183 by the fixed site 
repeaters 100, 101,102 a few milliseconds following receipt 
of the message segment originating at terminal 124 on the 
same frequency Fl, the message segment A addressed ]5 
initially for example to fixed site repeater 102 bering read- 
dressed and relayed to fixed site repeater 100, and only one 
message segment A from fixed site relay 100 being read- 
dressed to a fixed site relay, such as relay 140. This link 
arrangement is a high reliability replacement of the conven- 20 
tional wired backhaul channel. The message segment A is 
captured by relay 140 and relayed through telephone lines, 
if needed, to another relay 141, which transmits the read- 
dressed message segment A on frequency F2 from its relay 
station to the fixed site repeater 103. The message segment 25 
A is then directed by fixed site repeater 103 on frequency F2 
to the ultimate destination transceiver terminal 125. 

In a similar manner, a message segment B from trans- 
ceiver 122 on frequency Fl is relayed to and by each of 3Q 
repeaters 100, 101, also on frequency Fl to the relay 140, by 
which means of the concentrator 170 and the central switch 
160 it is relayed to the data terminal 151. 

A challenge to the straight-forward implementation of 
such a system is the use of asynchronous frequency hopping 35 
signaling to distribute the information to and from mobile 
stations which are in communication with the repeaters 
whose packet address is primarily a location indicator. It is 
difficult for a mobile transceiver to find an appropriate fixed 
site repeater under such circumstances, since it is not pos- 40 
sible within established protocols to send broadcast mes- 
sages to neighbors. Hence, in idle (non-message) time 
periods, control packet signals may be exchanged on the 
common frequency, which may change each half second or 
so, to circulate and maintain a list of available local fixed site 
relay stations and to verify the existence of an available link. 
Hie transceivers and the relays are in frequent contact,, 
reporting to one another which other stations are operating 
and what the quality of the wireless links are. The controller J0 
in each fixed site relay may be equipped with sufficient 
flexibility to serve as a data prioritizer and message con- 
centrator, killing redundant messages or granting highest 
priority to high-time-value traffic, such as real-time voice. It 
is therefore very easy to scale a microcellular system of this 55 
type of design, since there is minimal incremental cost to 
adding a relay station. Wired backhaul channels are no 
longer required. This arrangement works particularly well 
for "inbound" messages, that is, for messages originating 
from a mobile transceiver terminal into a wired infrastruc- 60 
ture which has a stable address structure. For outbound 
messages to a mobile terminal, the outbound message han- 
dlers must track down the mobile transceiver by contacting 
the fixed site transceiver last known to have communicated 
with the targeted mobile terminal. Therein the controller 65 
should have stored information equivalent to a forwarding 
address. 
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In the embodiment hereinabove, the interchange thus far 
described between wireless sites has been illustrated in 
terms of a single mutually common frequency channel 
Referring now to FIG. 2, there is shown an alternative 
embodiment to the present invention, there is shown a 
similar system wherein the signaling scheme is full duplex. 
In FIG. 2, the signal interchange is substantially simulta- 
neous on both a first frequency Fl and a second frequency 
F2. (Such a system may involve so-called crossband opera- 
tion so that there is adequate separation between signals 
transmitted and signals received to minimize intra-device 
interference. For example, a message C originating with a 
transceiver 121 may be involved in a packet interchange on 
frequency Fl while another unrelated message D (originat- 
ing typically from the destination of message C) is involved 
in a packet interchange on a frequency F2, both messages 
being relayed through fixed site repeater 100 under control 
of controller 181, and an inband backhaul channel pair on 
frequencies Fl and F2 are used to communicate with relay 
140 connected to concentrator 170 in turn wired to telephone 
lines 164, 162 through a central office switch to data terminal 
151. To/from message routing need not be via the same paths 
for each packet The inherent store and forward capability of 
the controller 181 in each wireless relay can be used to great 
advantage to assure the reliable delivery and relay of pack- 
etized messages. Where bandwidth and channel capacity 
becomes an issue, additional wifeless backhaul relay devices 
can be added at strategic locations and the cell size or 
coverage area of a cellular repeater can be reduced (e.g., by 
lowering effective radiated power under automatic control) 
without unduly burdening the system with added infrastruc- 
ture requiring additional solid wiring or cabling. Hence, a 
microcellular environment can be built up and expanded 
with minimal administrative and structural overhead. 

The invention has now been explained with reference to 
specific embodiments. Other embodiments will be apparent 
to those of skill in the art It is therefore not intended that this 
invention be limited, except as indicated by the appended 
claims. 

What is claimed is: 

1. A digital packet communication system for digital data 
communication, said communication system comprising: 

a plurality of repeating packet-mode fixed-site wireless 
transceiver means; 

at least one wireless non-fixed-site terminal transceiver 
means capable of originating targeted information 
packets, said non-fixed-site terminal transceiver means 
including a modulator means for directly communicat- 
ing substantially simultaneously with at least a few of 
said plurality of fixed-site transceiver means over a 
plurality of different communication links on mutually- 
common frequencies; and 

destination terrriinal transceiver means capable of receiv- 
ing the targeted information packets; 

said wireless non-fixed-site terminal transceiver means 
comprising 1) means for managing exchange of said 
targeted information packets and control packets with 
said plurality of fixed-site transceiver means and in 
particular with said few fixed-site transceiver means, 

. and 2) means for distributing said information packets 
of a single originating message among said few of said 
fixed-site transceiver means, said few fixed-site trans- 
ceiver means being operative to forward said targeted 
information packets of said single originating message . 
to said destination terminal means, said destination 
terminal means being operative to reassemble said 
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targeted Information packets into a single message 
while eliminating redundant packets; and 
said fixed-site transceiver means each comprising trans- 
mitter means and receiver means shared between com- 
munications with other fixed-site transceiver means 
over said mutually common frequencies and commu- 
nication with said wireless non-fixed site terminal 
transceiver means over said mutually common frequen- 
cies. 

2. The system of claim 1 wherein said fixed-site trans- 
ceiver means each include means for conveying targeted 
information packets of a single target message to said 
destination terminal means, such that said destination ter- 
minal means receives said targeted information packets from 
said few of said fixed-site transceiver means via said mutu- 
ally-common frequencies. 

3. The system of claim 1 wherein at least one of said 
fixed-site transceiver means is capable of communicating 
selected ones of said targeted information packets with 
selected other fixed-site transceiver means only via another 
intervening fixed-site transceiver means. 

4; The system of claim 1 wherein said wireless non-fixed- 
site terminal transceiver means is operative to exchange said 
control packets separate from said information packets on a 
frequency in common with related information packets 
among at least a few of said fixed-site transceiver means to 
maintain information on availability and quality of said 
communication links. 

5. The system of claim 1 wherein said wireless non-fixed- 
site terminal transceiver means is operative to exchange said 
control packets separate from said information packets on a' 30 
frequency in common with related information packets 
between said wireless non-fixed-site terminal transceiver 
means and at least a few of said fixed-site transceiver means 

to maintain information on availability and quality of said 
communication links. 

6. The system of claim 2 wherein said targeted informa- 35 
tion packets of a single message are received at said desti- 
nation terminal transceiver means via a plurality of said 
mutually-common frequencies. 

7. In a digital packet communication system for digital 
communication having a plurality of repeating packet-mode 40 
fixed-site wireless transceiver means, said fixed-site trans- 
ceiver means each being at a plurality of different sites and 
each having modulator means for communicating on mutu- 
ally-common frequencies, a method for communication of 
targeted information packets and control packets compris- 
ing: 

using a non-fixed-site wireless terminal transceiver means 
for establishing wireless two-way communications 
with at least a few of said plurality of said fixed-site 
transceiver means over a plurality of communication 
links on said mutually-common frequencies of said 
fixed-site transceiver means; 

using said non-fixed-site wireless terminal transceiver 
means for managing exchange of said targeted infor- 

- mation packets and control packets with said plurality 
of fixed-site transceiver means and in particular with 
said few fixed-site transceiver means; 

using said non-fixed-site wireless terminal transceiver 
means for distributing said targeted information pack- 
ets of a single originating message among said few of 
said fixed-site transceiver means, such that said tar- 
geted information packets are interleaved among a 
plurality of said transceiver means; 

using said fixed-site transceiver means for forwarding 
said targeted information packets of said single origi- 

- nating message to a single destination terminal means, 
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said single destination terminal means operative to 
reassemble said information packets into a single mes- 
sage while eliminating redundant packets; and 
using a transmitter means and receiver means within at 
least one of said non-fixed-site transceiver means for 
exchanging packets with said non-fixed-site wireless 
terminal transceiver means and for exchanging packets 
with another of said fixed-site transceiver means on a 
time-shared basis over said mutually common frequen- 
cies, whereby said transmitter means and receiver 
means are shared between communications with, said 
another fixed-site transceiver means and communica- 
tions with said non-fixed-site transceiver means. 

8. The method of claim 7 further comprising the step of 
using said fixed-site transceiver means for conveying the 
targeted information packets of a single target message to 
said one destination terminal transceiver means, such that 
said destination terminal transceiver means receives said 
targeted information packets from said few of said fixed-site 
transceivers via said mutually-common frequencies. 

9. The method of claim 7 further comprising the step of 
communicating selected ones of said targeted information 
packets with selected other fixed-site transceiver means only 
via another intervening fixed-site transceiver means. 

10. The method of claim 7 further comprising the step of 
exchanging said control packets separate from said targeted 
information packets on a frequency in common with related 
targeted information packets among at least a few of said 
fixed-site transceiver means to maintain information on 
availability and quality of said communication links, 

11. The method of claim 7 further comprising the step of 
using said non-fixed-site terminal transceiver means to 
exchange said control packets separate from said targeted 
information packets on a frequency in common with related 
targeted information packets between said non-fixed-site 
terminal transceiver means and at least a few of said 
fixed-site transceiver means to maintain information on 
availability and quality of said communication links. 

12. The system of claim 7 further comprising the step of 
receiving said targeted information packets of a single 
message at said destination terminal means via a plurality of 
said mutually-common frequencies. 

13. Amicrocellular digital packet communication system 
for digital data communication, said communication system 
comprising: 

a plurality of repeating packet-mode fixed-site wireless 
transceiver means, said fixed-site transceiver means 
each being at a plurality of different sites and each 
having modulator means for communicating on mutu- 
ally-common frequencies; 

at least one wireless non-fixed-site terminal transceiver 
means capable of originating targeted information 
packets, said non-fixed-site terminal transceiver means 
including a modulator means for directly communicat- 
ing substantially simultaneously with at least a few of 
said plurality of fixed-site transceiver means over a 
plurality of different communication links on said 
mutually-common frequencies; and 

destination terminal transceiver means capable of receiv- 
ing the targeted information packets; 

said wireless non-fixed-site terminal transceiver means 
comprising means for managing exchange of said tar- 
geted information packets and control packets with said 
plurality of fixed-site transceiver means and in particu- 
lar with said few fixed-site transceiver means for dis- 
tributing said information packets of a single originat- 
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ing message among said few of said fixed-site 
transceiver means, said few of said fixed-site trans- 
ceiver means being operative to forward said targeted 
information packets of said single originating message 
to said destination terminal means, said destination 5 
terminal means being operative to reassemble said 
targeted information packets into a single message 
while eliminating redundant packets, wherein said tar- 
geted information packets of a single message are 
received via a plurality of said mutually-common fire- 10 
quencies. 

14. In a micro cellular digital packet communication sys- 
tem for digital communication having a plurality of repeat- 
ing packet-mode fixed-site wireless transceiver means, said 
fixed-site transceiver means each being at a plurality of 15 
different sites and each having modulator means for com- 
municating on mutually-common frequencies, a method for 
communication of targeted information packets and control 
packets comprising: 
using a control means at a non-fixed-site wireless terminal 20 
transceiver means for establishing wireless two-way 
communications with at least a few of said plurality of 
said fixed-site transceiver means over a plurality of 
communication links on said mutually-common fre- 
quencies of said fixed-site transceiver means; 25 
using said non-fixed-site wireless terminal transceiver 
means for managing exchange of said targeted infor- 
mation packets and control packets with said plurality 
of fixed-site transceiver means and in particular with 
said few fixed-site transceiver means; 
using said non-fixed-site wireless terminal transceiver 
means for distributing said targeted information pack- 
ets of a single originating message . among said few of 
said fixed-site transceiver means, such that said tar- 35 
geted information packets are interleaved among a 
plurality of said transceiver means; 
using said fixed-site transceiver means for forwarding 
said targeted information packets of said single origi- 
nating message to a single destination terminal means, 40 
said single destination terminal means operative to 
reassemble said information packets into a single mes- 
sage while eliminating redundant packets; and 
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using said destination terminal means to receive said 
targeted information packets of a single message via a 
plurality of said mutually-common frequencies. 

15. A digital packet communication network comprising: 
a plurality of mobile wireless transceivers that originate, 

transmit, and receive packets, ultimate destination 
addresses and intermediate destination addresses being 
included within said packets; 

a plurality of fixed-site wireless repeaters, each said 
wireless repeater including a single receiver that 
receives packets, a single transmitter that relays packets 
received by said single receiver, each said wireless 
repeater modifying intermediate address information of 
said packets after receipt by said single receiver and 
prior to transmission by said single transmitter, and 

a destination transceiver that exchanges packets with at 
least one of said fixed-site wireless repeaters, said 
destination transceiver being coupled to a wired net- 
work and exchanging packets with a terminal coupled 
to said wired network, said destination transceiver 
relaying packets for ultimate receipt by selected ones of 
said mobile wireless transceivers; 

each said single receiver directly receiving packets from 
selected ones of said plurality of mobile wireless trans- 
ceivers and selected ones of said plurality of fixed-site 
wireless repeaters that are within communications 
range; and 

each said single transmitter directly transmitting packets 
to selected ones of said plurality of mobile wireless 
transceivers, said plurality of fixed-site wireless repeat- 
ers, and said destination transceiver that are within 
communications range. 

16. The packet communication network of claim 15 
wherein each said repeater selects an available frequency for 
transmission of each packet to be relayed from a plurality of 
predetermined frequencies. 

17. The packet communication network of claim 16 
wherein said plurality of predetermined frequencies is the 
same for transmission to said mobile transceivers and for 
transmission to said fixed-site repeaters. 
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